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MEASURING THE SPECTRuUM OF CLOUD DROPLETS
V. Ye. Minervin And G. T. Nikandrova

BARSTRACT 277 2 /

A .rief review is giveu of the methods used in nea-
srring the spectrum of cloud droplets. Data are presented
on the simultanecus measurement of droplet spectra in »
stream usicg Gevices with different capture ccefficients.

Experimental resuits fail to confirm the correctness of the

theoretical factors for droplet capture obtained eerlier for

iAo

the instruments. _—/////

At the present time about the only method of obtainiﬂg acta on the 18%
distribution spectrum of cloud and fog droplets is the method of inertial
precipi{ibn from the stream on a flat plate. Different methcds are used for
the fixetion of droplets wnich have reached the surface of the plate. The
fixation of drcnlets in oil of required consistency is most frequently used.
This method was proposed by N.A. Fuks (ref. 9) and later developed by A.M.
Borovikov (ref. 2), V.A. Zaytsev (ref. 3) and S.S. Khmelevstov (ref. 10).

The method first proposed by L. Strazneveskiy(ref. 23) is used less frequently.

In this method the replicas of droplets are obtained on glass covered with soot.

May (ref. 18) and frith (ref. 15) used megnesium oxide films instead of soot.

*Numbers given in the margin indicate the pagination in the original foreign

text.
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There are aiso methods which use 2-layer films usually consisting of soot
covered with a thin protective layer of magnesium oxide (ref. k).

In rec.nt years many experiments ha&e been carried out utilizing films
of pure gelatin for fixating droplets or rather their impressions. May
(ref. 19) used pure gelatin, Okita (ref. 2)), Liddele and Wootten (ref. 17),
and Godard (ref. 16) used gelatin films with dyes, Farlow (ref. 14) used
films with a corresponding reagent while Sivadjian {ref. 22) and Ravipskiy
(ref. 7) used a more complex method of processing the films. In the May
method special illumination is necessary for the detection of droplet im-
pressions while in the other methods the impressions are colored and can be
measured using a conventional microscope.

The simplest method is one of capturing droplets by means of an oil film,
because the preparatioun of the glass is not difficult and the croplets have
their natural size on the test glass. The only requirement is that the test
samples be photographed in as short a period of time as possible hecause the
droplets may eveporate or dissolve in the oil. Also it is possible that part
of the droplets will be lost because they are situated at different levels with-
in the oil layer. It is also possible that the spectrum will become distorted
because the droplets fuse in the oil. Unfortunately the method cf capturing
dropleta with oil films can be used only abosrd airplanes which are not
pressurized.

The method of capturing droplets by means of a plate covered with soot
requires a more complicated procedure in preparing the glass. Usually the glass
must be prepared in advance and measures have to be taken to protect the soot
layer from demage during storage. Compared to the oil method this method may

appear to be more advantageous since the impressions produced by the /19




droplets lie in one plane. The error produced by the fusion of droplets is
practicaily eliminated because two double impressions of a droplet, as a rule,
can be measured independently. This method can alsc be used in pressurized
airplanes equipped with completely automated devices, because the impressions
of droplets may be stored for a prolonged period of time without changss.

However,the method has & series of shortcomings. First, the diemeter of
an impression does not correspond to the true diameter of the droplet, which
makes it necessary to use transfer coefficients. In the second place, the
variation in the diameter of the impression as a function ofgoot thickness re-
quires a uniform soot layer which must always have the same thickness. In the
third place, the protective laver is frequently so dense that small particles
are unable to penetrate it and produce impressions. Finaily, as shown by G.D.
Salamandra and I.M. Naboko (ref. 8), it is possible to obtain several impressions
from the same droplet, due to its multiple rebounds from the base layer.

The methods cf capturing water droplets with a gelatin film are proposed
primarily as supplementary to the method of capturing with a layer of soot be-
cause they make it possible to capture droplets of smaller size. In these
methods it is very important to determine the transfer coefficient which makes
it possible to establish the true dimensions of the droplets from the measured
dimensions. The uwethod of determining this coefficient has not been worked out
in a sufficiently rigid manner to date.

The common shortcoming of all of the methcds for capturing cloud droplets
is that not all the droplets in the volume of air flowing towards the piste reach
its surface. The theoretical calculations of A. Kh. Khrgian, and I. P. Mazin
(ref. 11) and L. M. Levin (ref. 4) and all other inQestigators have shown that

the capture coefficient (ratio of the quantity of droplets of a given size which




has settiled on the plate to the quaﬁtity of droplets contained in the vclume

from which the droplets settled) is a function of the dimensionless parameter

2
P = 2ur” where p is the flow velocity, r is the radius of the droplets, A is

GuA

the characteristic dimension of the plate (width), p is the coefficient of
air viscosity.

For éome critical vaiue P.p,the capture coefficient E becomes equal to O.
This means that the droplets whose radius is less than some critical value
(corresponding to the critical P,,.) cannov be captured by the plate, for
theoretical reasons. For droplgts whose radius is greater than the critical
value, it is necessary to introduce corresponding corrections. For droplets
which are slightly greater than r., the magnitude of the correction factor is
several units. 7

The above shortcomings of the capture methods, and the difficulty of auto-
mating them and of interpretiﬁg the data,have been responsible for an intensive
search for new metholds of measuring droplet spectrum.

In the recent years optical methods for obtaining the spectrum of droplets
have been developed. A.G. Laktionov {ref. 5), V.Ya. Basevich (ref. 1) utilized
the variation in the intensity of light scattering by droplets as a function of
their size. Eldridge (ref. 13) utilized the effect of infrared absorption by
droplets in the 1-14% |, range (the measurement base was 1 meter). K.S. Shifrin
(ref. 12) proposed the method of determining the spectrum of droplets from ob-
servations of light scattering at small angles. The same method was applied
by G.D. Petrov (ref. 6).

These metho&s have many advantages but require complex technology. [gg

Finally Vonnegut and Neubauer kref. 24) propose a method of measuring the

dimensions of droplets from the degree of cooling of a thin wire heated with an
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electric current. This method has not heen widely used because it is difficult
to carry out, its efficiency is low, and measurements at high flow velocities
are impossible.

In spite of the development of new methods, at the present time the only
practical method of measuring the spectru of lroplets from an airplane is the
method of inertial capture in its different versions. However, quite frequently
when measurements are taken in natural clouds, droplets are rcaptured whoée di-
mensions are less than the critical dimensions. According to the data of May
(ref. 19), Farlow (ref. 1k), and Godard (ref. 16) the method of inertial pre-
cipitation can be used to obtain impressions from droplets whose diameter is
a few tenths of g micron. A%t the same time if we take into account the dimensions
of the plates which are used and the velocities of the ceilings we can easily
see that such droplets lie beyond the critical region. For this reason the ex-
perimental investigation of correction factors computed theoretié%y is of practi-
cal interest.

Experiments were conducted in the cloud chamber of the VysokogorﬂyGeophysical .
Institute at Terskol. The fog in the chamber was produced by steaming, then was
evacuated from the chamber through a wind tunnel with a cross-section of
25.25 cm and which contained the test droplet collectors. The difficulty of
carrying out the experiment was associated with the high moisture content of the
cloud chamber and large ﬁumber of droplets. During operation of the tunnel the
density of the fog decreased nonuniformly from its maximum value to zero during
a period of 4U-60 seconds. In addition to this, its homogeneity was gradually
disrupted along the cross-section of the tunnel. The flow velocity along the
cross-section of the tunnel varied insignificantly and was approximately 50

meters/sec.




Inrorder to decrease the distortion of experimental data, the time between
the collection of droplets and their photographing was reduc=d to a minimum énd
aid not exceed five minutes. Five to ten pictures were taken of the different
regions of each test sample.

To obtain the best capture and retention of particles, the optimum con-
sistency of tae cil was selected. The number and dimensions of the particles
were computed in the conventional manner. The ﬁicrophotographs were projected
with fixed magnification on paper graduated in millimeters. To establish the
écale a micrometer was photographed in each picture.

Two collectors were used to carry out the experiments. One was a séandard
TsAQO Collector with a diameter of 55mm, while the second was a special unit with
a diameter of 5mm and a glass width of 3mm. At first both collectors were used
separately; later, in order to synchronize the collection of tést samples and to
provide for equal exposure the small collector was attached to the large one
and the displacement of glascs was produced by the mechanism of the large collector.

The results obtained after processing the microphotographs obtaiuned in
these experiments are shown in tables 1-4. Table 1 presents data on the spectra
of droplets obtained simultaneously in different sections of the wind tunnel.

In this case the conventionel TsAC collector with three slots having widths of 2
L and 8 mm contained three glasses simultaneously. Table 2 presents data

from a similar experiment Qhere the Qidth of the slots in the colliector was

equal to 2 mm. Table 3 presents data for the simultaneous measurement of the

spectrum by means of a wide and narrow collector with differeﬁt exposures,

while table 4 presents the same data but for uniform exposure. Duri;1g these

measurements the collectors were installed in such a way thav the operating

slot of the wide collector was situated at the position of its first [gé




™%

slot in the preceding experiments while the slot of the narrow collector was
at the position at the third slot in preceding experiments.

As we can see from the data presented in table 1, the spectra obtained
by means of one collector simultaneously at different regions of the cross-
section are sufficiently close to each other. The best reproducibility for
all three spectra was obtained with droplets having a diameter of 7 micrcns
and was equal respectively to 2k.5, 28.2 and 27.2. The spectra break off
with droplets 16-18 microns in dieameter. However in this case there is a
clear heterog=neity in the nuwerical concentration of droplets: for one
frame of the first slot (2 mm) there are 242 d_oplets, for the second (4 mm)
there are 438 and for the third (8 mm) there are 332 droplets. When going
from the 2 millimeter slot to the 4 millimeter slot the number of drople:s
increases by a fact;r of 2. When going from the 4 millimeter to the 8 milli-
meter slot the number of droplets actually decrgases by & small amount.

At first glance we might assume that the decrease in the number of drop-
lets is due to their fusion. This proposition was checked by computing the
volumes of all the droplets (mZNd3) for each frame. They were found to be
equael to the following: 1.53'10'4mm3 for the first slot, 2.56;10-hmm3 for the
second aﬁd 2.&9'10-umm3 for the third, i.e., the volume of droplects at the third
slot as well as their number did not increase, but rather decreased. Conse-
quently the decrease in the number of droplets in the third slot by a factor
of 2 is not due to their fusion. It 1s due either to thae heterogeneity of
droplet concentration along tne cross-section of the tunnel or, what is mcst
probable, to the ioss of droplets when they are photographed.

The spectra shown in table 2 are alsc close to each other. The best

reproducibility occurs, as ir. the preceding case, for droplets with & dicmeter
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of 7 microns, and is equal to 2&.6, 29.3 and 28.7. The spectra break off at
12-l3ru droplets. Sinée the widfh of all the sldts,in this case is the saﬁe

we should expect the same number of dropleps‘on &ll the framés. However, In

the case of the first slot *l.ere are 336 droplefs per frame, in the second there '
are 140 and in the thi- . there are 153; i.e., the quantity of droplets cap-

tured in the fi~ . slot is greater by a factor of 2 then that captured in the
other sl .-. The quantity ZNd3 is also greater by a factor of 2 in the case

for the first slot. It is equal to lwlT‘lO-hmm3*while for the second and third

slots it equals respectively O.6h‘lOm4 and O.73’1Q'umm3. This example shows
quite well that,alfhough tgere are substantial fluctuations in the numerical
céncentration of droplets captured by the élass (regardless of whether it:;s a
true Teflection of the varistion in the concentrétion or is produced by
methodological erfors), the relative spectrum:of the “roplets varies insigni?i;:
cantly, which is not true of the moisture content of the cloud detérmined from
the spectrum and the numericai concentration. ’ N

We should note that in the first case.uy;fQXiﬂately 50 percent and iﬁ the
second case approximately TQ perc:nt of all the droplets captured Sy the collector
had a diameter wﬁich was not greater than T microns. According to theory;
such droplets would not berééptured with the given collector a}iall.

Teble 3 shows the data whicg ars very close in time (wi%h d-- ations not
greater Jhan several tenths of & s-~cond), but with differe-t v owioures for.
measuring thé spectrum with two coliqcmo:s. In this case,thr:iuposure time
of the narrow collector was less than fhat of the wids coliovhor. Distribution
spectra obteined by means of -various collector; turned ool to be close to each
other, althbugh one woulG expect a larger relative number of small droplets for

the narrow collector compared with that from the wide collector. The best [gg
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fecurrehcé in the 3 cases occurs for droplets with a diameter of>7-8 u - and '
varies within the range of 15-18 pércent. The spectra break off with drop-
rlet,diameters of 14-16 . In one case ‘the spectrum breaks off- With a droplet
diameter of 9-10 u, the maximum recurrence takes place w1th a droplet dla- SR,
meter of 4 p while its value for botn‘collectors in this case is equal:foﬂ," »
2&.8hpercent. More :han 50 percent of all the captured particles (8MiperCént “

in théAlast case) have & diaweter ¢f less than.T p; i.e., based on th?oretigal

considerationsﬂthej should:not be captured at all by‘the widescoliectog. ‘&b@ -

narrcw collector captures~the small drcplets with a diameter less than 7 n‘

\ 7

- moro than the Wide collector by 5-8 percent. ;However fhisrzalue is sub-
O(} - B " 4’7;. T 'i v

IS

stantlally lesr than the theoreulcal value. R ‘“‘“Q%-‘;?:ffx

2 o

let spectrum with the same exposuré tize: Apparently becauée"mweasixrémen'bsU;re'r—'é'

o
<3

£ larger partlcles In the course of the entire serles-of experlments droplet5\
with a diameter less than hop were almost noT encounvered. ‘As in the preceding -

mezsurements, in all cases the maximum on the dlstrlbutlon curv 8 obfained by

means of the wide and narrow collectorsoccured for the same droplet 51ze How= -

ever only in one case (the second series of obaervations made on the l9th ef

August) were the spectra measured hy bo%h‘cqllcctors close to each other in the |

~

entire range of dimensions. In this case the density was 264 droplets per
1 m® ] P

In all cther case: the results‘of the experiments were‘sémewhat unexpected.

3

Frequently the re.ative quantity of small droplets captured with the narrow col- -

lector was less than the number of the same‘droplets captured by the ﬁide eollecw

tor. On the other hand the relative quantity of ;afge dropleta capﬁured by the

‘ Eablg 4 presents data obtained by the synchrondus'meaéurementszofftye_drbp—i

for the wide collector and 517 droplets per 1 mm fér the rarrow ¢Qile¢to;.
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narrow collector turned cut to be greater than that captured by the wide
collector. The spectra obtained by means of the narrow collector always
contein a rather long lcop of large 2roplets. Such a lcop as 2 rule is not
observed in the spectrum obtained by means of the wide colilector.

This snomaly is apparently caused because the exposure time of the nariow
collector was too long, which produced the large numcric concentration of arop-
lets on the glass of the narrow collector: and the fusion of droplets played a
suhstantﬁal rale. Apparently fusion first produces a loss in small droplets
and a much less noticeable increase in the number of large droplets.

"Thus frision produces a sharp decrease in the concentration of small drop-
lets and an insignificant increase in the concentration of large droplets. The
data in table 4 confirmed this conclusion. #An exception to this is the case shown
in table 5, vhose data were obtained by &averaging out data on the large rumber
of individual frames. In this case the numeric ccuacentration of droplets in
the flow or the exposure of the glass were so great that signs of fuéion ere
clearly seen even in the spectrum obtained -vith the wide collector. The nar-
row collector captured so many particles that the distribution curve, due to
the fusion of particles, became very flst and the spectrum became continuous
up to 75 u)while in all1 other experiments the spectra oroke off at 30 u)and
droplets with a diameter greater tham 14-15 u were hardly encountered in the
chamber. Due to fusion, the number of droplets per frame decreased compared
with the spectrum obtained with the wide collector by a factor of two. On the
other hand, the moisture content computed from the spectrum was more than 10
times greater than the moisture content obtained by means of tlie wide collector.
The ratic c¢f the moisture content according to the narrow collector to the mois-
ture content according to the wide collector in this series of experiments varies

from 2 to 10.
: 10
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Although there was a fusion of droplets even for the wide collec:or, [ﬁg
in most cases over 50 percent of the droplets in the spectra cbtained by
means of this collector should not have been captured according to theoreti-
cal considerations. For the narrow collector where fusion was more pronounced,
the number of droplets whose size was less than the critical size did not ex-
ceed 20 percent in a series of cases.

Thus the present seriesvof experiments, due to methodological errors has
not made it possible to obtain data on the distribution spectra of droplets with
two colilectors which could be compared with the differeﬁt chracteristic ai-
mensions. However, it has shown quite clearly thuat the towal cepture coeffici-
ent of the narrow collector is apparently greater than that of the wide col-
lector by a factor of more than two.

All the experiments described above were conducted using artifical fog.
Bowever, naturzl clouds are encountered which also consist primarily of small
droplets. For example, such clouds were frequently encountered auring the ex-
pedition flights of TsAO in the fall of 1962. As a rule these were diséntqg-
grating clouds. Table 6 shows the data obtajned during measurements in an
isolated field Sc with a power of approximately 80 meters. As we can see from
table 6, the distribution spectrum of droplets captured on the glass of the wide
collector started with droplet dismeters of-h i while maximur occurrence was
of drops with & diameter of 6-7 u. Droplets with a dismeter greater than 10 p
were practically absent. In this case, 80 percent of the droplets captured by
the collector were below the theoreg¢tical capture limit.

Conclusions

l. During the irertial capture of clcud droplets frcm the flow by means

of a collector, a large number of precipitated droplets have a diameter which

is less than the critical value. 1




2. No noticeable difference in the nature of the distribution spectra
is observed when droplets are captured simuitaneously from the flow by means
of coliectors whose characteréstic dimension has a ratio of 1:11. The agree-
ment between spectra is not improved by using existing capture coefficients.
Most probably the reason for this lies in the assumptions which are made in
computing the capture coefficients (Laminar Properties, flow characteristics,
simplified assumptions concerning the shape of the collector, etc.).

3. The actual existence of the difference in capture coefficent of col-
lectors of different sizes has been confirmed experimentally. The intergral
capture coefficient for a collector with a diameter of 5 mm exceeds the corres-
ponding coefficient of a collector with a diameter of 55 mm by more than a
factor of 2.

. The:exisﬁence of a limit for the number of particles on a test glass
predicted in reference 1l has been confirmed; when the limiting concentration is
exceeded there is a substantial distortion of the spectrum corresponding to
small droplets.

5. In order to establish the true capture coefficient of various col-
lectors it is necessary to carry out special experimental investigations.
Special attention should be paid to the reproducibility of results. It is de-
sirable to carry out more rigid theoretical calculations.

We should point out that similar work to compare different devices .used for

- measuring droplet spectra has been carried out in France at Puy Pe DOme (ref. 20).
A comparison of various devices operating on different principles has failed to
produce agreement between the various droplet spectra. Therefore the basic

problem of this work, which was to select a standerd reference device, was not solved.
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TABLE 1.

DISTRIBUTION SPECTRA OF DRCPLETS OBTAINED SIMULTANEOUSLY AT

DIFFERENT CROSS SECTIONS OF THE WIND TUNNEL Ol THE 21st OF AUGUST 1962
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TABLE 2.

IN DIFFERENT SECTIONS OF THE

TEE DISTRIBUTION SPECTRA OF DROPLETS OBTAINED SIMUITANEOUSLY

WIND TUNNEL ON THF 17th OF AUGUST 1962
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THE DISTRIBUTION SPECTRA OF DROPLETS OBTAINED WITH TWO COLLECTORS

TABLE 3.

ON THE 3rd OF MARCH 1962
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TABLE 4. THE DISTRIBUTION SPECTRA OF DROPLETS OBTAINED WITH TWO

. COLLECTORS
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